A 59-year-old woman presented with erythema and pruritis of the breast 4.5 years after undergoing lumpectomy and radiation for breast cancer. Biopsy confirmed a diagnosis of angiosarcoma. This tumor stained positive for CD34 as well as 70% Ki67 prior to therapy initiation. A multidisciplinary approach yielded a plan for neoadjuvant chemoradiation and surgical resection including delayed completion transverse rectus abdominis flap for tissue coverage. Neoadjuvant therapy successfully decreased rates of cellular proliferation, as reflected by a Ki67 of 5%, at the time of resection. Pathophysiologically, angiosarcomas may be very aggressive and may develop following radiation for breast cancer. Such tumors may become more common as breast cancer therapies, which frequently include radiation therapy, improve with time. Early recognition of angiosarcoma is imperative for successful therapy. These tumors may present with a wide range of symptoms, but may be asymptomatic. Surgical resection is the preferred therapy, but early recognition is critical.
Case Presentation
Our patient is a very pleasant 59-year-old-female who underwent left breast lumpectomy and axillary lymph node dissection followed by adjuvant chemoradiation in 2006 for a lesion identified as part of her work-up for colon cancer. The patient had appropriate follow-up and underwent routine annual mammographic screening with no signs of recurrence. In April 2011, the patient developed pruritus of the left breast associated with multiple skin lesions. These lesions were described as small, bright red papules that slowly increased in size on an erythematous base. A punch biopsy was performed which showed malignant neoplasm. H&E staining revealed dermal and subcutaneous tumor with poorly-formed vascular channels (Figure 1(a) ). There were atypical epithelioid cells with brisk mitotic activity lining these channels. These findings were consistent with high-grade angiosarcoma. Immunohistochemical staining was positive for p63, vimentin and CD34 (Figure 1(b) ), highlighting the vascularity of the tumor. Stains were negative for AE1/AE3, S100, SMA, desmin, CD68, EMA, CK903, mammaglobin, GCDFP15, FLI1 and HHV8. Staining with Ki67, a protein which is absent during the resting phase of the cell cycle and used as a marker of proliferation, revealed a proliferative index of approximately 70% (Figure 1(c)) . A PET/CT scan was negative for metastasis.
The patient underwent neoadjuvant external beam radiation therapy (XRT). In order to determine the effect of the XRT on the angiosarcoma prior to surgery, immunohistochemistry was re-performed approximately six weeks following XRT. These studies revealed a significant decrease in tumor-associated vascularity, and both CD34 and Ki67 were markedly lower (Figures 2(a)-(c) ). Six weeks following XRT, the patient underwent modified radical mastectomy (Figures 3(a)-(e) ). Reconstruction was planned as a two-stage procedure, to be performed along with the plastic surgery team. Initially, a split thickness skin-graft (STSG) was used for coverage cancer in women [1] [2] [3] . AS is rare and accounts for less than one percent of soft tissue sarcomas with an estimated annual age-adjusted incidence in the US of 0.21 cases per 100,000 person-years [4] . Primary tumors are broadly categorized as cutaneous and non-cutaneous, with the incidence of each type being roughly equal [4, 5] . Caucasians are affected more frequently than AfricanAmericans, Asians or Native Americans [2, 4, 5] . The incidence in men and women increases exponentially after the age of 40 years [4] , and according to a publication in the Lancet, the disease presents most commonly in the head and neck (27%); However, angiosarcoma of the breast, as presented here is the second most common form of angiosarcoma and accounts for 19.7% of cases.
over the open chest wall wound (Figure 3(b) ). This was to be followed by a pedicled transverse rectus abdominis myocutaneous (TRAM) flap for definitive breast reconstruction once pathology confirmed local absence of malignnancy. Post-operative adjuvant chemotherapy had been initiated shortly after her first-stage STSG, as mentioned above.
Disease Process and Epidemiology
Angiosarcoma (AS) is a heterogenous, aggressive malignancy that arises from vascular endothelium that typically effects elderly white males, however it is a recognized disease process following irradiation for breast
In general, the prognosis for angiosarcoma is poor and rigorous pathological investigation should be undertaken to assist in the early diagnosis, treatment, and surveillance of this malignancy [1] .
Diagnosis and Treatment
For therapeutic and epidemiologic purposes, AS can be categorized according to its anatomical site, the natural history of the disease, and its predisposing factors [6] . Cutaneous AS occurs most frequently on the head and neck while lesions on the extremities and trunk are less common [5, 6] . The association of cutaneous AS with chronic lymphedema and inflammation, particularly lymphedema following radical mastectomy, is well documented [3, 7] . These tumors, which appear most commonly on the scalp, typically present as painless, ecchymotic or nodular lesions with occasional bleeding or ulceration [3, 6, 7] . Their nondescript clinical features often lead to misdiagnosis of these tumors as benign disease [3, 7] . AS associated with lymphedematous extremities (Stewart-Treves syndrome) presents with similar features and typically presents years after the development of lymphedema [6, 8] . Regular follow-up of these patients with gadolinium-enhanced MRI may be indicated to increase detection of AS [7] .
Critical to the diagnosis of angiosarcoma are the immunohistochemical stains. Pathologically, these tumors typically express endothelial markers such as von Willebrand factor, CD34, CD31, and vascular endothelial growth factor (VEGF) [1] . As was shown for the patient in this study, markers, such as CD34 can be helpful in monitoring the success of cancer therapies. However, it should be noted, that with de-differentiation, tumors may lead to loss of cellular markers [1] . Here, the tumor was positive for p63, which may alter VEGF expression that may be seen in vascular neoplasia. Vimentin was also positive on initial staining and is helpful in confirming the diagnosis of an epithelioid angiosarcoma, in the setting of CD31 and/or CD34 positivity [9] . It is now appreciated that atypical vascular lesions (AVLs) are a precursors to AS. These two diseases (AVLs and AS) likely exist on a spectrum [10, 11] . AVLs typically begin as benign-appearing, well-circumscribed collections of cutaneous vessels [12] . There also appears to be a clear link between radiation exposure and the development to AVLs [10] . Retrospective data has shown that, women who develop AS are typically older and experience a shorter duration between radiation exposure and the diagnosis of dermatologic pathology [10] . In a recent report of 11 patients with radiation associated AVLs, some whom subsequently developed AS, authors observed that AVLs occurred at a mean of 4.3 years following radiation, and that AS occurred slightly later (mean = 5.0 years). In addition, whereas staining for CD34 was similar among patients with AVL and AS (as was observed with our patient), investigators found that VEGFR-3 expression was greater in those patients with AVLs that went on to develop AS [10] .
AS of the breast may arise spontaneously or be associated with prior radiation therapy. In another series of 57 patients with breast AS, 27 patients (47%) had previously received breast irradiation; only three of these patients experienced upper extremity lymphedema [6] . The development of AS in previously irradiated fields such as the face, tongue, pleura and GI tract has been reported in other retrospective publications [2] .
Primary AS of deep, soft tissue and of solid organs may be asymptomatic [6, 7] . In symptomatic patients, the clinical presentation of AS is related to tissue origin. AS of the spleen and liver may present as a painful mass whereas cardiac tumors may lead to pericardial effusion [5] . Both primary and metastatic AS may be found in virtually any deep soft tissue, organ or bone [2, 13] . At diagnosis, these tumors are frequently high-grade, poorly differentiated neoplasms, making complete surgical resection difficult and both local and distal recurrence common [2, 3, 7] . Rare cases of AS associated with foreign material have been reported [13, 14] .
Outcomes
Because breast conservation therapy typically involves lumpectomy and radiation, and because many more women are electing to have breast conservation therapy, the incidence of angiosarcoma is expected to increase [15] . However, some authors have reported lower-than expected rates of angiosarcoma secondary to radiation exposure [15] . In 2008, a retrospective review of 32 cases of AVLs in women that had undergone breast conservation therapy brought more attention the incidence of this disease process [12] .
Our patient, as the data above describes, underwent lumpectomy and radiation. After development of her angiosarcoma, a careful clinico-pathologic analysis was performed to clarify her tumor type. In doing so, CD34 and Ki67 (Figures 1 and 2) were followed by biopsy, in order to determine the clinical success of radiation therapy. We demonstrated successful decrease in these markers (CD34, Ki67, etc.) indicating decreased rate of tumor growth following XRT, as has been shown for other tumor markers such as VEGF [16] .
Five-year survival in AS patients in approximately 45% based on population surveillance data [5] . Surgical resection is the standard of care for AS, and patients with resectable disease experience increased survival compared to patients with unresectable tumors [13] . In one large series, overall survival (OS) was 48% in patients with localized disease and 23% in patients with metastatic disease (p < 0.001) [6] . Univariate analysis in a separate series revealed a statistically significant difference (p< 0.001) in disease-specific survival (DSS) between patients with advanced, unresectable AS at cutaneous (median DSS = 10.3 mo) and deep soft tissue sites (median DSS = 2.8 mo) [7] . For patients with localized or advanced disease, another series demonstrated improved overall survival for patients with superficial (3.6 ± 1.0 yrs) versus deep (2.3 ± 0.5 yrs) tumors [2] . In patients with localized cutaneous disease, primary tumor origin in the head/neck, extremities or breast was associated with significantly longer survival than tumors arising in the trunk (median survival: 3.6 ± 0.5 yrs vs. 2.1 ± 0.2 yrs; p = 0.01) [2] . Among patients with primary breast AS, the presence of preexisting lymphedema and radiation fields were negative prognostic indicators for local and distal disease recurrence and overall survival [2, 7] . Several studies have failed to find a significant association between microscopically positive surgical margins and poor disease outcomes [2, 13] . Furthermore, the role of adjuvant and neoadjuvant chemoradiation for patients with resectable AS is unclear. In our patient, we observed favorable histologic results using neoadjuvant irradiation. In two case series, adjuvant radiotherapy provided no survival benefit in AS patients irrespective of tumor margin status [2, 6] . Trials of adjuvant chemotherapy using paclitaxel-based regimens have not shown a survival advantage over more widely used doxorubicinbased therapies [2, 6] . Paclitaxel may, however, may be of greater benefit than doxorubicin in patients with advanced, unresectable AS [13] .
Recommendations
Angiosarcoma is incompletely understood and is generally very aggressive. Unfortunately, AS is likely to increase in incidence. With the appropriate pathological analyses it is possible 1) to make an early diagnosis, 2) to monitor the tumor for treatment efficacy, and 3) to survey for recurrence. Interestingly our patient's malignnancy was positive for p63, which alters VEGF expression [17] and is identified in approximately 22% of angiosarcomas. However, this marker is somewhat nonspecific and its presence should be carefully interpreted. In contrast, the identification of established markers such as CD34 may yield more helpful prognostic and surveillance information [18] . Based on clinical and pathologic characteristics, we used a staged, multidisciplinary approach to post-mastectomy reconstruction, which favors definitive reconstruction only after appropriate time for adjuvant treatment and follow-up to rule-out disease recurrence has occurred. Unfortunately, our patient did have local recurrence following the first-stage of treatment.
